D
URING studies on the functioning of human cervical spinal cord reflexes, it became apparent that more accurate data on the anatomy of the human cervical myotomes were needed. This information is particularly important for the handling of the increasing number of patients in our aging population who are seen for the treatment of cervical spondylosis and myelopathy.
The standard textbooks, old and new, give no sources for their statements regarding myotomes. The comprehensive myotome table in the monograph by Bing) ,2 also gives no source for the data. The most complete discussion of the subject is a monograph by Wichmann 7 in which human case reports are reviewed along with experimental animal data. Ferrier and Yeo 3 electrically stimulated the cervical and lumbosacral anterior roots in monkeys, and observed the muscle contractions and movements of joints of the limbs. Forgue 4 repeated this work in dogs and monkeys. Herringham 6 reported the results of his dissection of human fetal and adult brachial plexuses. This was the first attempt to study human cervical nerve roots and brachial plexuses in a systematic fashion. A review of subsequent literature suggests that mixtures such as this of individual human case reports plus dissections and stimulations in rabbits, dogs, monkeys, and gorillas form the basis of most of our present assumptions regarding human myotomes.
Our study was based on the electrical stimulation of 56 anterior roots in 32 patients undergoing laminectomy for cervical spondylosis or cervical anterior rhizotomy for torticollis. The operations were all performed in the sitting position under general Halothane anesthesia. After the first few cases, a specific program of preoperative explanation to the patient was adopted and informed con-sent obtained. The patient was told that the studies were strictly experimental and that they were not necessary for the success of the operation. However, the patients were also informed that it was hoped that the results obtained from the study might be of benefit to future patients. A statement summarizing the results of the stimulation was included in the hospital record either as a progress note or as a part of the operative note. Studies were limited to patients under 60 years of age who were in good general health except for cervical spondylosis or spasmodic torticollis, and whose myelogram showed no abnormality of the spinal cord. If the surgeon or the author considered that any untoward circumstance had developed during operation, stimulation was not done. Operations were prolonged for approximately 15 to 20 minutes by these studies.
One patient, whose stimulation was confined to the C-6 nerve root, developed postoperative signs of brain stem ischemia. He remained semicomatose for the first 24 hours after surgery, and became progressively more alert until normally conscious on about the fourth postoperative day. The preoperative left hemiparesis was much more marked postoperatively, and, in addition, he exhibited nystagmus on horizontal gaze to both sides, scanning speech, intention tremor of the right arm, right facial weakness, and weakness of the right medial rectus muscle. Improvement began 1 week after operation and continued steadily following discharge from the hospital; at the seventh postoperative month his neurological status was the same as preoperatively. In the subsequent 3 years, he has continued to improve beyond his preoperative status.
No other ill effects were encountered during or after operation in the course of this study, and there were no wound infections.
Method
The generator for the electrical stimulus was in most cases a Grass S-4 stimulator (or, occasionally, a Lab-Tronics Physio Stimulator, Model N-103). A specially designed multiple electrode holder was securely fastened to the self-retaining muscle retractor and a flexible silver electrode placed under the anterior root. Monopolar stimulation was usually carried out with the cathode on the anterior root and the anode on bone or on the opposite paraspinal muscle. The stimulating electrodes were insulated except for the concavity which was in contact with the rootlets. A non-connected electrode was used as a self-retaining retractor for the posterior root.
In the case of the C-1 through C-4 roots, it was found better to retract the posterior root manually and thus apply a bipolar electrode directly to the anterior root. In most cases, all the rootlets at a particular level were included in the concavity of the electrode. Individual square wave stimuli were delivered at 1 per sec, with a voltage just above threshold to avoid excessive movement of the limbs and of the spine. The stimulating electrode was not in contact with cerebrospinal fluid, dura, or spinal cord.
Muscles were identified by palpation of a clearly recognizable muscle belly or tendon, plus observation of the characteristic action of the muscle. In many instances, muscles could be identified only as a group (such as posterior axillary fold, pretracheal muscles, etc.). In such cases, the muscles comprising the group were listed together, and the innervation was noted for the entire group as a unit. In no case was motion of a joint used as the sole indicator for positive identification.
In the earlier studies, a metal clip was placed on the dura at the level of a root stimulated for later identification of its level by xray. Subsequently, however, the metal clip was buried in a twist drill hole in the pedicle just above the stimulated root and covered with bone wax. If more than one root was stimulated, the identifying clip was placed at the level of the uppermost root stimulated. Table 1 shows the number of roots stimulated at each of the eight cervical levels.
Results
Figures 1 and 2 depict the innervation of the various muscles or muscle groups. The muscles at the back side of the neck were not identified individually, but it was usually posBrendler sible to identify contraction of groups of paraspinal and suboccipital muscles without releasing self-retaining retractors. Contractions of the rectus capitis posterior and obliquus capitis muscles were often seen clearly, although individual muscle bellies could not be identified. Accordingly, the posterior neck muscles were described as a group and their innervation indicated. There was, in these muscles, a general trend toward contraction of that portion of the muscle (such as semispinalis capitis or splenius capitis) opposite the particular segment stimulated, with little or no contraction above or below this level. The contractions were not always limited so precisely, but C-1 stimulation never produced a paraspinal muscle contraction at the C-4 level, nor did C-4 anterior root stimulation produce contraction of the suboccipital muscles.
The anterior neck muscles (the muscles of the floor of the mouth and the pretracheal muscles) were also not identified individually and are listed as groups. However, it was possible on one occasion to identify an individual contraction of the posterior belly of the digastric and, on two occasions, to identify the inferior portion of the omohyoid.
It would have been desirable in some instances to identify the individual portions or "heads" of the muscles, such as the pectoralis major, biceps, deltoid, and triceps; however, operating room conditions made unequivocal 
